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INTRODUCTION 

On  today1 s  market,  the  packer  buyers  are  paying  higher  prices  for  fat- 
ter, higher  grading  cattle.  This  is  a  result  of  greater  consumer  demand  for 
the  higher  quality  beef  in  the  meat  trade.  The  economic  law  of  supply  and 
demand  controls  the  meat  industry.  Consumer  preference  governs  the  kind  and 
amount  of  beef  that  Tri.ll  be  consumed  at  a  certain  price.  The  consumer  will 
buy  more  beef  at  a  higher  price  if  the  cut  of  beef  meets  consumer  approval. 
Todays  consumers  of  all  economic  levels  are  desiring  a  high  quality  cut  of 
meat  with  a  high  ratio  of  lean  meat  to  bone  and  fat. 

From  the  packer  standpoint,  as  well  as  the  consumer,  the  desirable  car- 
cass has  good  conformation,  sufficient  outside  fat  cover  for  aging  and 
ample,  fine,  high  quality  marbling  for  palatability  and  juiciness  along 
with  a  large  proportion  of  lean  to  fat  and  bone,  while  carcass  frade  is 
determined  by  conformation,  quality,  and  finish,  slaughter  grade  and  dress- 
ing percent  are  used  now  by  most  of  the  buyers  in  the  stock  yards  as  an 
on  the  hoof  evaluation.  Slaughter  grade  is  determined  by  the  conformation 
and  finish  of  the  live  animal.  One  of  the  major  problems  in  the  beef  in- 
dustry is  to  devise  a  system  of  live  animal  evaluation,  that  would  be  of 
practical  use  in  determining  the  amount  of  muscle,  fat  cover,  and  quality 
of  the  meat  in  both  slaughter  and  breeding  cattle.  The  present  system  of 
slaughter  grades  are  subject  to  human  error  and  do  not  indicate  the  amount 
of  muscling,  the  thickness  of  outside  fat  cover,  or  the  proportion  of  edible 
meat  in  the  carcass. 

Studies  have  shown  that  the  composition  of  beef  carcass  vary  considerably 
in  the  proportion  of  muscle  to  fat  and  bone  even  though  the  individual  animals 


have  similar  grade,  weight,  age,  and  inheritance. 

The  goal  of  a  sound,  economical,  beef  production  program  should  be  to 
produce  a  maximum  of  high  quality  meat  per  animal  and  do  it  efficiently. 
In  selecting  animals  for  breeding  and  production  purposes,  conformation  is 
one  of  the  very  important  factors.  Measurements  taken  on  various  parts  of 
the  animal  furnish  an  objective  evaluation  of  body  conformation.  If  rela- 
tionships exist  between  live  animal  measurements  and  carcass  characteristics, 
these  live  animal  measurements  could  be  used  as  an  index  in  selecting  breed- 
ing stock. 

It  is  of  economic  importance  to  be  able  to  determine  if  an  animal  is 
heavy  muscled  and  sufficiently  finished  to  attain  a  desired  grade  without 
additional  outside  fat.  The  excess  fat  is  undesirable  to  the  processor  and 
consumer  and  is  also  uneconomical  from  the  producer1 s  standpoint. 

The  thought  behind  this  study  is  that  some  live  animal  measurements 
and  characteristics  might  offer  a  guide  to  carcass  merit  which  could  be  used 
in  the  selection  of  breeding  rtock,  herd  sires  in  particular  and  in  the 
selection  of  superior  market  animals. 

REVIEW  OF  LITERATURE 

Weseli  (1957)  in  a  study  of  153  steers  that  comprised  tne  carcass  con- 
test at  the  1956  International  Livestock  Exposition  at  Chicago,  took  the 
following  live  body  measurements:  forearm  circumference,  cannon  circum- 
ference, and  a  lateral  and  frontal  measurement  of  the  cannon. 

A  visual  slaughter  grade  and  bone  estimation  was  taken  on  each  steer. 
The  carcass  measurements  used  in  his  work  consisted  of  carcass  cannon  frontal, 
lateral  and  circumference  measurements,  area  of  loin  eye,  marbling  scores, 


fat  thickness  and  dressing  percentage.  From  these  data  analyses  of  variance 
and  correlations  were  computed  between  live  body  measurements,  between  car- 
cass characteristics,  and  between  live  and  carcass  characteristics. 

Yfeseli  (1957)  noted  positive  correlations  between  live  weight  and  live 
cannon  circumference,  fat  cover,  area  of  loin  eye,  dressing  percentage,  cir- 
cumference of  forearm  and  cannon  bone. 

Weseli  (1957)  found  that  steers  scored  as  having  large  bones  or  having 
large  live  cannon  circumferences  tended  to  have  large  fore  arms  independent 
of  live  weight.  A  marked  decrease  in  significant  correlations  was  noted 
when  weight  was  held  constant  as  compared  to  the  simple  correlations  with  a 
wide  range  in  live  weight. 

The  majority  of  the  simple  correlations  between  live  steer  characteris- 
tics and  carcass  characteristics  were  significant  (Weseli,  1957). 

A  partial  correlation  between  live  cannon  circumference  and  carcass 
cannon  circumference  was  highly  significant.  Weseli  (1957)  reported  that 
in  steers  of  similar  weight,  the  correlation  between  live  cannon  circumference 
and  area  of  loin  eye  was  nonsignificant,  however  the  partial  correlation  be- 
tween live  cannon  circumference  and  circumference  of  forearm  was  highly  signi- 
ficant. Those  steers  of  similar  weight  that  were  appraised  of  having  large 
bones  tended  to  have  a  lower  dressing  percentage.  Among  steers  of  the  same 
weight,  those  steers  with  heavier  bone  tended  to  have  lese  fat  thickness, 
Weseli  (1957)  noted  in  his  work  that  partial  correlations  involving  bone 
score,  loin  eye  area,  and  carcass  cannon  lateral  measurements  were  nonsigni- 
ficant among  steers  of  similar  weights. 

Simple  correlations  between  visual  slaughter  grade  and  carcass  cannon 
measurement  and  fat  thickness  were  highly  significant.  Weseli  (1957)  noted 


breed  differences  between  live  cannon  circumference  measurements  and  fat 
thickness  and  dressing  percentage,  within  the  Shorthorn  breed  the  live  cannon 
circumference  measurement  was  significantly  correlated  -with  dressing  percentage 
and  f; t  thickness.  Within  the  Angus  and  Hereford  breeds,  these  correlations 
■were  found  to  be  nonsignificant.  The  negative  partial  correlations  between 
live  cannon  circumference  and  dressing  percent  and  fat  thickness  were  signi- 
ficant within  the  Hereford  breed. 

Dressing  percentage  was  negatively  correlated  with  carcass  cannon  cir- 
cumference. Weseli  (1957)  stated  that  the  steers  with  large  loin  eyes  tended 
to  carry  less  outside  fat,  while  large  cannon  circumference  tended  to  be 
associated  with  large  loin  eye  area.  A  correlation  of  (,hk)   was  reported 
between  fat  thickness  and  dressing  percentages. 

A  highly  significant  partial  correlation  between  carcass  cannon  circum- 
ference and  dressing  percentage  (-.57)  was  noted  by  Weseli  (1957).  Steers 
in  this  study  with  large  loin  eye  tended  to  have  less  fat  covering  than 
steers  with  small  loin  eyes.  Partial  correlations  involving  loin  eye  area 
with  dressing  percentage,  carcass  cannon  circumference,  and  marbling  score 
were  nonsignificant.  The  partial  correlation  between  fat  thickness  and 
dressing  percentage  was  significant  (.31).  The  highly  significant  partial 
correlation  between  fat  thickness  and  carcass  cannon  circumference  (-.27) 
shows  that  among  steers  of  similar  weight,  the  fatter  animals  had  a  slightly 
smaller  cannon  circumference.  It  was  also  noted  in  Weseli* s  (1957)  work  that 
among  steers  of  similar  live  weight,  fatness  and  marbling  score  was  not 
significantly  related. 

In  the  work  of  McMeekan  (1950)  it  was  stated  that  there  is  a  definite 
positive  correlation  between  the  total  weight  of  bone  and  total  weight  of 


muscle  tissue  in  each  animal.  It  is  impossible  to  get  a  carcass  -with  a 
heavy  amount  of  muscling  without  associated  with  that  muscling  a  heavy  weight 
of  bone.  Muscles  are  attached  to  bones  which  they  operate;  therefore,  their 
size  and  shape  must,  for  mechanical  reasons,  be  associated  with  the  size  and 
shape  of  the  bones.  In  most  instances,  fine  boned  animals  will  kill  out 
with  a  smaller  percentage  of  lean  meat  and  a  larger  proportion  of  fat  than 
will  a  heavier  boned  animal  of  the  same  weight, 

Mclteekan  (1950)  pointed  out  that  the  shorter  and  thicker  the  bone,  the 
greater  the  depth  or  thickness  of  muscle  lying  over  that  bone.  A  deep  cut 
of  meat  in  the  rear  quarter  is  associated  with  a  short,  flat,  thick  bone 
rather  than  a  longer,  thin  bone. 

Boughton  (1958)  took  measurements  on  30  Hereford  steers  and  53  Hereford 
heifers.  The  body  measurements  taken  were  width  between  the  eyes,  width  of 
muzzle,  circumference  of  cannon,  circumference  of  forearm,  width  of  round, 
length  of  round,  length  from  top  of  the  tailhead  to  bottom  of  the  round 
and  circumference  of  round.  The  cattle  were  weighed  and  a  visual  estimation 
of  bone  size,  degree  of  muscling,  and  visual  grade  were  made  by  a  committee 
of  six  appraisers.  The  carcass  data  collected  included  size  of  rib  eye, 
fat  cover  over  12th  rib,  maroling  score  and  color  score.  In  general,  cor- 
relations between  live-animal  measurements  were  lower  for  steers  than  for 
heifers. 

The  eye  to  eye  measurement  was  significantly  correlated  with  width  of 
muzzle  in  steers,  however,  when  weight  was  held  constant  the  correlation 
only  ajproached  significance. 

In  the  study  by  Boughton  (1953),  only  the  width  of  the  round  was  signi- 
ficantly correlated  with  width  between  the  eyes  in  steers  before  the  effect 


of  weight  was  removed.  Simple  and  partial  correlation  coefficients  between 
width  of  muzzle  and  circumference  of  fore -cannon  in  heifers  were  significant. 

Live  grade  among  steers  was  significantly  correlated  with  muscling  ap- 
praisal which  indicated  that  judges  place  considerable  emphasis  upon  muscling 
when  estimating  live  cattle  grades.  Live  weight  was  generally  well  cor- 
related with  live  measurements  in  both  steers  and  heifers. 

Correlations  between  head  measurements  and  carcass  characteristics  in 
both  steers  and  heifers  were  low  and  nonsignificant.  Area  of  loin  eye  was 
significantly  correlated  with  width  of  muzzle  in  heifers.  The  simple  cor- 
relation for  steers,  between  eye  to  eye  width  and  area  of  loin  eye  was 
significant  as  was  the  eye  to  eye  and  fat  cover  correlation.  Circumference 
of  fore-cannon  and  forearm  were  not  significantly  correlated  with  area  of 
the  longissi/mus  dorsi  muscle  in  either  steers  or  heifers  (Boughton,  1958). 
Muscling  appraisal  was  correlated  with  the  area  of  loin  eye. 

In  the  data,  Boughton  (1958),  the  animals  with  large  loin  eye  area 
tended  to  have  less  fat  cover  over  the  12th  rib.  It  was  also  noted  that 
heifers  possessed  a  larger  loin  eye  area  and  thicker  fat  cover  over  the 
12th  rib  than  did  steers  of  equal  weight.  Fat  thickness  v;as  not  signifi- 
cantly correlated  with  marbling  score  of  either  steer  or  heifer  carcasses 
in  this  study.  The  carcass  weight  was  correlated  with  area  of  longissimus 
dorsi  and  with  fat  at  the  12th  rib  in  steers. 

Relationship  between  meat  production  characters  and  body  measurements 
as  well  as  relationship  among  the  body  measurements  were  studied  by  Yao 
et  al.  (1953).  Nineteen  live  animal  measurements  and  eight  carcass  measure- 
ments were  taken  on  101  beef  Shorthorn  steers  and  62  Milking  Shorthorn  steers. 
These  steers  were  sired  by  18  and  10  sires  respectively  and  were  nursed  until 


they  reached  500  pounds.  They  were  fed  individually  to  a  live  weight  of 
900  pounds  after  which  the  live  animal  measurements  were  taken  and  the 
steers  slaughtered.  The  live  animal  measurements  were  height  of  withers, 
height  of  chest  floor,  height  at  flank,  depth  of  chest,  length  of  body,  length 
of  rump,  length  o±   coupling,  length  of  nose,  width  between  eyes,  width  of 
muzzles,  width  at  shoulder,  width  at  chest,  width  at  last  rib,  width  at 
loin,  width  at  hips,  circumference  at  fore  flank,  circumference  at  navel, 
circumference  at  rear  flank  and  circumf .  rence  of  skin  bone.  Beef  characters 
had  a  general  trend  of  positive  correlation  with  all  width  and  circumference 
measurements.  All  height,  length,  and  head  measurements  were  negatively  cor- 
related with  slaughter  grade.  All  width  measurements  were  positively  cor- 
related with  all  circumference  measurements. 

Birth  weight  was  positively  correlated  with  height  at  floor  of  chest, 
length  of  body  and  circumference  at  shin  bone,  but  negatively  correlated 
with  all  the  width  measurements.  Birth  weight  was  also  negatively  correlated 
with  all  the  beef  characters. 

lao  et  al.  (1953)  found  that  carcass  grade  was  negatively  correlated 
with  most  of  the  height  measurements.  Cook  et  al.  (1^51)  and  Knapp  and  Cook 
(1933)  obtained  similar  results. 

Yao  et  al.  (1953)  pointed  out  that  higher  the  birth  weight,  the  nar- 
rower the  chest  would  be.  He  also  showed  that  a  steer  with  a  heavier  birth 
weight  tended  to  have  a  poorer  slaughter  ^rade,  carcass  grade  and  dressing 
percentage  than  one  with  a  lighter  birth  weight.  A  small  negative  cor- 
relation between  growth  rate  characters  and  head  measurements  indicates  a 
slight  tendency  for  animals  with  smaller  heads  to  have  faster  growth  than 
those  with  larger  :<eads,  however,  he  points  out  that  most  of  the  correlations 


were  not  significant.  Growth  rate  characters  had  a  negative  correlation 
with  circumference  measurements  showing  that  those  animals  with  a  smaller 
circumference  would  have  a  better  growth  rate  than  those  with  a  larger  cir- 
cumference. 

Efficiency  was  also  negatively  correlated  with  dressing  r..:rcentage, 
thus  a  faster  growing  steer  would  dress  out  less. 

Yao  et  al.  (1953)  and  Knapp  and  Cook  (1933)  showed  that  all  vridth 
measurements  were  positively  correlated  with  ail  circumference  measurements 
and  could  be  regarded  as  another  group  of  measurements  which  indicated  the 
thickness  and  meatiness  of  the  beast  and  thus  called  flesh'.ng  measurements. 

Yao  et  al.  (1953)  found  the  three  head  measurements  were  moderately- 
correlated  to  each  other.  He  also  showed  the  width  of  muzzle  to  be  posi- 
tively correlated  with  the  depth  of  chest,  lezigth  of  body,  length  of  rump, 
width  between  the  eyes  and  circumference  of  the  fore  and  rear  flanks.  The 
width  between  the  eyes  showed  a  positive  correlation  with  the  depth  of  chest, 
length  of  body  and  circumference  of  the  fore  and  rear  flanks. 

All  the  height  measurements  with  length  measurements  were  positively 
correlated  although  not  all  were  significant.  Yao  et  al.  (1953)  suggested 
they  could  be  regarded  as  one  group  of  measurements  which  indicated  the  size 
of  animal.  They  were  also  found  to  be  negatively  correlated  with  beef 
characters  and  could  be  called  non-meat  production  measurements  or  skeletal 
measurements j  this  is  in  agreement  with  Cook  et  al.  (1951)  and  Knapp  et  al. 
(1933).  Height  of  flank  was  the  only  measurement  significantly  correlated 
with  circumference  of  shin  bone.  Results  obtained  by  Yao  et  al.  (1953) 
showed  that  the  length  of  rump  was  not  correlated  with  the  length  of  coupling 
but  was  correlated  with  all  of  the  width  measurements.  Yao  et  al.  (1953) 


developed  indexes  for  the  evaluation  of  beef  characters  by  the  use  of  the 
following  formulas  in  Which  the  related  body  measurements  with  simple  cor- 
relations to  the  characters  were  used  as  numerators  and  those  with  negative 
correlations  as  denominators: 

Index  of  slaughter  grata  —  circumference  at  navel 


height  of  floor  of  chest  X  length  of  rump 

Index  of  carcass  grade  —  circumference  at  rear  flank 

height  at  withers 

Index  of  dressing  percentage  —  width  at  shoulders  X  circumference  at 

fore  flank 

A  general  index  for  the  relationship  between  beef  and  characters  and  body 

measurements  could  be  expressed  with  the  following  formula: 

Index  for  beef  character  —  width  X  circumference 

height  X  length 

This  formula  would  be  an  aid  in  the  selection  of  animals  especially 
in  connection  with  a  long  time  breeding  program. 

Black  et  al.  (1938)  and  Lush  (1928)  found  high  correlations  between 
body  measurement  ratios  and  slaughter  grade,  dressing  percentage,  and  fatness 
of  steers  when  the  ratios  were  expressed  in  the  same  way  as  in  the  above 
formula,  but  low  correlations  when  the  ratios  were  expressed  in  other  ways. 
Knapp  and  Cook  (1933)  suggested  that  the  rctio  of  heart  girth  and  height  at 
withers  could  be  regarded  as  an  expression  of  the  amount  of  meat  on  the 

animals. 

Dawson  et  al.  (1955)  collected  and  studied  data  on  eight  beef  production 
performance  records  and  nineteen  body  measurements  from  58  Milking  Shorthorn 
steers,  during  a  period  from  19 ii3  through  19U9.  The  steers  were  offspring 
of  nine  bulls  and  5l  cows.  The  steers  were  slaughtered  at  a  live  weight  of 
approximately  900  pounds,  and  the  body  measurements  of  each  steer  were  always 


10 


taken  by  the  same  man  just  before  slaughtering. 

The  19  body  measurements  were  four  height  measurements,  three  length 
measurements,  three  head  measurements,  five  width  measurements,  three  cir- 
cumference measurements  and  one  shin  bone  circumference  measurement.  Each 
measurement  was  taken  three  times  and  the  average  used. 

Dawson  et  al.  (1955)  found  the  heritability  of  birth  weight  was  50.6 
percent,  very  close  to  the  revised  estimate  for  Hereford  steers  obtained  by 
Knapp  and  Clark  (1950),  however,  the  estimate  is  higher  than  the  estimate 
obtained  by  Dawson  et  al.  (I9h7)  in  beef  Shorthorn  cattle.  The  heritability 
for  days  to  weaning  at  500  pounds  live  weight  was  J;5.1  percent  while  the 
heritability  for  days  to  final  weight  was  even  higher,  56.6  percent.  The 
heritability*  Dawson  et  al,  (1955)  estimates  for  the  three  beef  characters 
were  high  and  close  to  each  other.  They  were  58.3  percent  for  slaughter 
grade,  66.7  percent  for  carcass  grade,  and  69. 1  percent  for  dressing  per- 
centage. This  differs  from  work  reported  by  Knapp.  and  Cook  (19li6)  and  Knapp 
and  Clark  (1950)  on  Hereford  cattle.  Some  of  this  difference  may  be  due  to 
breed  differences. 

The  heritability  estimates  for  the  height  measurements  range  from  U.6 
to  65.5  percent.  The  height  at  the  withers  was  the  highest  and  the  height 
at  flank  was  the  lowest  in  heritability.  All  three  length  raeasuroraentc  have 
zero  heritability.  Dawson  et  al.  (1955)  noted  for  the  head  measurements, 
width  between  the  eyes  had  a  heritability  of  63. 1  percent  and  the  width  of 
muzzle  50.0  percent.  Length  of  nose  had  zero  heritability.  All  five  width 
measurements  had  low  heritability  estimates  ranging  from  zero  to  15.1  per- 
cent. This  may  be  an  indication  that  these  measurements  were  controlled 
chiefly  Ly  the  environmental  conditions. 
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Dawson  et  al.  (1955)  stated  for  the  circumference  measurements,  only 
the  circumference  at  the  fore  flank  had  a  heritability  of  32.3  percent. 
He  also  found  the  heritability  of  the  shin  bone  circumference  to  be  33.5 
percent.  The  heritability  percentages  were  classified  by  Dawson  et  al. 
(1955)  as  UO  to  70  percent,  high  heritability ;   20.0  to  Uo  percent  medium 
heritability;  and  low  heritability  from  0  to  20  percent. 

Kohli,  et  al.  (1951)  in  a  study  of  157  Milking  Shorthorn  steers  found 
that  height  of  withers,  which  is  almost  entirely  a  skeletal  measurement  was 
significantly  correlated  with  length  of  body,  width  of  shoulders,  average 
daily  gain  and  final  age  of  marketing.  With  width  of  shoulder  and  average 
daily  gain,  height  of  shoulders  had  a  low  but  negative  significant  correla- 
tion. With  length  of  body,  birth  weight,  and  days  to  weaning  and  final 
weight,  height  at  withers  had  low  but  significant  positive  correlations.  The 
results  found  in  this  study  showing  a  negative  correlation  between  height  of 
withers  and  efficiency  does  not  hold  true  for  the  work  done  by  Bl: ck  et  al. 
(1938).  According  to  Kohli  et  al.  (1951)  there  is  a  slight  indication  that 
the  shorter  the  legs  of  a  steer,  the  greater  would  be  his  daily  gain.  Height 
of  chest  floor,  also  a  skeletal  measurement,  had  significant  positive  cor- 
relation with  birth  weight  and  length  of  body  and  significant  negative  cor- 
relations with  circumference  of  fore  flank  and  width  of  shoulder.  Circum- 
ference of  fore  flank,  which  measures  bone  structure  and  condition  of  flesh- 
ing, had  small  significant  positive  correlations  with  width  of  shoulder, 
days  to  weaning  and  days  to  final  weight,  but  had  a  small  significant  negative 
correlation  with  average  daily  gain  and  efficiency.  Similar  results  were 
re  orted  by  Lush  (1932)  but  differ  from  those  found  by  Black  et  al.  (1938) 
who  did  not  find  circumference  of  fore  flank  (heart  girth)  to  be  correlated 
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appreciably  with  rate  of  gain.  This  difference  may  have  been  due  to  dif- 
ference in  a^.e  and  breeding  of  the  steers. 

Width  of  shoulder,  which  measures  bone  structure  and  condition  of 
fleshing,  had  no  significant  associations  with  any  of  the  measures  of  per- 
formance in  the  steers.  These  differ  from  those  of  Black  et  al.  (1933)  in 
so  far  as  the  relation  between  width  of  shoulder,  average  daily  *ain  and 
efficiency  are  concerned.  Length  of  body,  which  is  largely  a  skeletal  measure 
was  found  by  Kohli  et  al.  (i°5l)  to  have  a  small  negative  correlation  with 
average  daily  gain  and  small  positive  correlations  with  days  to  weaning  and 
days  to  final  weight.  Black  et  al.  (1938)  found  efficiency  of  gain  to  be 
highly  correlated  with  length  of  body  as  well  as  height  at  withers. 

Average  daily  gain  had  high  positive  correlation  with  efficiency  and 
high  negative  correlations  with  days  to  final  weight.  This  is  logical  as 
the  greater  the  daily  gain  of  an  animal  the  less  time  will  be  required  to 
reach  the  desired  wight  at  slaughter  and  a  smaller  amount  of  feed  needed 
for  maintenance  and  fattening.  Dawson  et  al.  (I9k7)  found  with  beef  Short- 
horn calves  that  were  heavier  at  birth  tended  to  reach  weaning  weight,  (500 
pounds)  and  final  weight,  (900  pounds),  sooner  than  lighter  calves.  Kohli  et 
al.  (1951)  pointed  out  that  the  steers  tended  to  vary  independently  with 
regard  to  the  body  dimensions  measured  as  shown  by  the  lack  of  high  cor- 
relation between  them  except  for  a  fairly  high  association  between  height 
at  withers  and  height  at  floor  of  chest.  Circumference  of  fore  flank  ap- 
pears to  be  the  best  of  the  five  measurements  studied  for  use  in  the  selection 
of  breeding  animals  so  far  as  relations  to  the  measures  of  performance  studied 
is  concerned.  Steers  with  a  high  average  daily  gain  in  general  had  a  high 
feed  efficiency.  In  this  study  Kohli  et  al.  (1951)  showed  that  the  height  of 
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withers,  height  at  floor  of  chest  or  efficiency  of  gain  was  not  significantly 
effected  by  the  different  rations.  However,  he  did  state  that  the  more  com- 
pact  steer  tended  to  have  greater  average  daily  gains  and  to  be  more  efficient 
in  their  feed  utilization. 

Cook  et  al.  (195D  studied  body  measurements  and  carcass  characteristics 
in  Milking  Shorthorn  steers.  Most  correlations  between  the  five  body  measure- 
ments and  slaughter  |  r;.de,  carcass  grade  and  dressing  percentage  were  not 
high  enough  to  be  of  much  predictive  value.  However  a  considerable  number 
were  high  enough  to  be  of  some  selective  value  in  a  long-time  breeding  pro- 
gram. Height  at  withers  had  significant  negative  correlations  with  slaughter 
grade,  carcass  grade  and  dressing  percentage  for  the  1$7  steers.  The  negative 
relationships  indicate  that  the  slaughter  grade  as  well  as  the  carcass  grades 
tends  to  be  better  in  shorter  than  taller  steers.  Height  at  floor  of  chest 
had  similar  correlations  to  those  for  height  at  withers. 

Cook  et  al.  (1951)  stated  that  circumference  of  fore  flank  had  a  signi- 
ficant positive  correlation  with  only  slaughter  grade  which  was  a  slight 
indication  that  a  steer  with  a  larger  heart  girth  graded  higher  at  the  time 
of  slaughter.  Width  of  shoulder  was  significantly  and  positively  correlated 
with  slaughter  grade  and  carcass  grade.  Width  of  shoulder  was  not  signi- 
ficantly correlated  with  dressing  percent  as  Black  et  al.  (1938)  also  found. 

Length  of  body,  Cook  et  al.  (195D  had  a  low  significant  negative 
correlation  with  carcass  grade,  slaughter  grade  and  dressing  percent.  Average 
daily  gain  had  a  low  significant  positive  correlation  v.lth  carcass  grade  and 
dressing  percentage. 

Correlations  between  slaughter  grade  and  carcass  grade  were  the  highest 
found—O.69  for  the  157  steers.  This  finding  is  in  agreement  with  the  work 
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of  Black  et  al.  (1938).  Significant  positive  correlations  were  also  ob- 
tained with  dressing  percent.  Thus  Cook  et  al.  (1951)  concluded  that  this 
visual  observation  for  slaughter  grade  is  a  fairly  good  indication  of  the 
animals  carcass  qualities.  Carcass  grade  and  dressing  percentage  had  a 
correlation  of  0.U5.  Therefore  it  can  be  concluded  that  a  carcass  with  a 
high  dressing  percentage  tends  to  be  superior  in  carcass  grade. 

Green  (195k)  gathered  data  on  50  steers  studying  the  relationship  between 
live  animal  measurements  and  wholesale  cuts.  According  to  judging  standards, 
width  of  body  in  the  dorsal  area  is  desired  and  wide  bodies  are  secured  in 
the  animals  of  excellence.  Uniformity  of  width  is  also  desired  but  at  times 
uniformity  seems  to  be  secured  at  the  sacrifice  of  width.  Sometimes, 
especially  in  show  aninals,  uniformity  is  secured  less  by  basic  structural 
uniformity  than  by  a  covering  of  fat  applied  under  the  skin  which  helps  to 
fill  various  depressions.  If  type  for  production  might  be  divorced  from 
type  for  show  purposes,  perhaps  then  more  emphasis  could  be  placed  on  having 
animals  large  where  it  is  important  as  far  as  furnishing  meat  is  concerned 
and  less  attention  be  paid  to  uniformity  of  lines  and  other  probably  esthetic 
values.  However,  for  maximum  efficiency,  type  and  production  must  |  o 
hand  in  hand. 

Green  et  al.  (1955)  found  that  such  measurements  as  pin  to  poll  and 
shoulders  points  to  hooks  was  of  little  value  in  predicting  the  value  of 
preferred  cuts.  Green  et  al.  (1955)  suggested  that  there  wan  a  need  for 
study  of  body  measurements  that  may  lead  to  newer  views  in  show  ring 
standards. 

Average  daily  gain  and  economy  of  gain  were  positively  correlated  with 
time  from  weaning  to  slaughter  and  from  birth  to  slaughter  in  work  done  by 
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Black  and  Knapp  (1932^).  Grade  of  animal  shows  a  higher  correlation  with 
economy  of  gain  than  with  average  daily  gain.  However,  both  are  significant. 
Grade  of  animal,  whether  feeder,  slaughter,  or  carcass  was  correlated  with 
percent  of  edible  portion  in  carcass.  In  fact,  percent  of  edible  portion 
seems  to  be  a  good  measure  of  beefiness.  Tenderness  was  found  to  be  cor- 
related with  percent  fat. 

Lush  (1932)  in  a  study  of  2ul  steers  stated  that  pelvis  width,  pelvis 
length,  hook  width,  and  cannon  circumference  are  not  good  measurements  for 
dressing  percent.  As  in  the  case  of  gain,  cannon  circumference  is  more 
important  than  the  other  three.  It  should  be  small.  A  steer  ideal  for 
large  gains  need  not  necessarily  be  ideal  for  a  high  dressing  percent.  Thus, 
a  large  paunch  girth  indicates  a  steer  which  will  gain  rapidly  and  a  small 
paunch  girth  indicates  a  steer  which  will  have  a  high  dressing  percent.  A 
large  heart  girth  is  desirable  from  both  standpoints,  but  is  not  important 
so  far  as  gain  is  concerned.  The  loin  according  to  Lush  (1>>32)  should  be 
narrow  for  high  gain,  but  wide  for  high  dressing  percent.  The  body  should 
be  long  for  gain,  but  short  for  high  dressing  percent. 

These  data  by  Lush  (1932)  shows  a  tendency  for  large  initial  weight  to 
be  associated  with  large  gains,  high  dressing  percentages  and  high  final 
values  of  the  steers.  However,  when  the  measurements  arc  also  taken  into 
consideration,  initial  weight  itself  becomes  less  important.  On  the  whole, 
the  regression  coefficients  indicate  that  steers  with  large  fleshy  measure- 
ments but  small  bony  measurements  will  have  the  highest  dressing  percentages 
and  the  most  valuable  meat  at  the  end  of  the  feeding  period.  Large  fleshy 
measurements  but  small  bony  measurements  indicate  a  steer  which  is  fatter 
and  more  heavily  muscled  than  other  steers  of  the  same  skeletal  dimensions. 
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Lush  (1932)  stated  that  one  of  the  most  important  measurements  for 
high  dressing  percent  and  meat  value  was  a  head  narrow  at  the  eyes. 

Stonaker  et  al.  (195o)  studied  type  and  performance  records  on  small 
type  and  conventional  type  Hereford  steers.  The  small  type  steers  have 
significantly  smaller  rates  of  gains,  slaughter  weights,  carcass  weights, 
and  weights  of  carcass  cuts.  For  most  of  these  characteristics  the  weights 
have  been  approximately  20  percent  lesr;  than  those  of  conventional  types. 
Significant  differences  have  not  been  found  in  days  on  feed,  digestible 
nutrients  per  pound  of  gain,  percent  of  carcass  in  the  different  wholesale 
cuts,  or  percent  of  separable  fat,  lean,  and  bone  in  the  9-10-11  rib  cut. 

Green  (195U)  reported  that  the  correlation  between  live  weight  and 
dressing  percentage  was  quite  low.  He  also  noted  that  width  of  shoulders 
is  quite  reliable  in  predicting  dressing  percentage.  Shoulder  width  correlated 
reasonably  well  with  depth  of  twist,  live  weight,  heart  girth,  width  of  crops, 
width  of  thighs  and  width  of  hooks.  From  this  work  Green  suggested  that 
width  of  shoulders  is  a  good  estimation  of  the  amount  of  muscle  tissue  to 
be  expected  in  a  carcass.  There  are  reasons  to  believe  that  width  of  shoulder 
is  determined  quite  largely  by  the  amount  of  muscle.  Hammond  (1955),  as  a 
cross  section  through  the  shoulder  area  included  relatively  few  other  parts 
that  would  probably  contribute  much  variation  in  width  of  shoulder.  Variation 
in  thickness  of  hide,  weight  of  long  bones  and  ribs  could  contribute  some, 
but  most  likely  little,  to  the  differences  in  the  width  of  shoulder. 

Depth  of  twist  on  cattle  that  are  not  excessively  finished  could  also 
be  used  as  a  determination  of  muscling  since  this  area  is  composed  primarily 
of  muscle  tissue. 

According  to  Green  (195U)  width  of  crops  is  difficult  to  measure  with  a 
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high  degree  of  accuracy.  The  main  structural  parts  in  common  between  the 
width  of  shoulders  and  crops  were  the  vertebrae  which  could  have  a  direct 
effect  on  the  width  of  crops  and  some  effect  upon  the  width  of  shoulders  by 
determining  the  distance  between  ribs  in  the  dorsal  area.  The  muscles  of 
the  two  structures  differ,  but  some  of  the  differences  in  the  correlation 
of  the  two  width  measurements  may  be  due  to  general  quantitative  muscling. 
Width  through  the  thighs  is  also  an  indicator  of  muscling. 

Stanley  and  McCall  (±9h5)   stated  that  when  corrected  for  height  at  the 
withers,  correlations  of  length  of  body  and  cannon  circumference  with  daily 
gain  were  significant.  A  significant  negative  correlation  was  observed 
between  height  at  withers,  corrected  for  weaning  weight  and  daily  gain, 
indicating  greater  gain  from  steers  weighing  heavy  in  relation  to  height. 
Significant  positive  correlations  with  carcass  grau-  are:  corrected  cannon 
circumference,  corrected  fullness  at  stifle  ana  corrected  height  at  withers. 
Stanley  and  McCall  (lQh5)  said  that  in  view  of  the  fact  that  the  appearance 
of  a  steer  is  not  a  dependable  criterion  of  its  growth  rate  and  gain  ef- 
ficiency, an  effort  should  be  made  to  acquire  a  maximum  of  those  feeder 
qualities  associated  with  carcass  quality,  such  as  thickness  of  body,  weight 
for  height,  quality,  size  of  bone,  and  quiet  disposition.  Light  colored  hair 
and  weight  for  age  may  also  be  associated  with  rapid  growth  in  feeder  cattle. 

Smith  et  al.  (1950)  studied  the  relative  accuracy  and  repeatability  of 
live  animal  and  photographic  measurements  of  beef  cattle  using  data  from 
10  cows,  23  yearlings,  and  10  calves.  He  found  high  estimates  of  repeata- 
bility for  the  body  measurements  studies;  namely  (1)  length  of  body,  (2) 
height  of  withers,  (3)  depth  of  chest,  and  (U)  patella  to  patella.  Estimates 
of  the  repeatability  for  body  length  varied  from  .5U6  to  .898  for  live  animal 
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measurements  and  .726  to  ,81iU  for  photographic  measurements.  Height  of 
withers  ranged  from  .888  to  .906  from  the  live  animal  measurements  and  .908 
to  .927  for  the  photographic  measurements.  For  depth  of  chest,  estimates 
of  repeatability  varied  from  ,78U  to  .9lU  for  live  animal  and  .807  to  .908 
for  photographic  measurements.  Repeatability  for  the  round  measurement 
(patella  to  patella)  was  lower  with  a  range  of  .U63  for  the  cows  to  .769 
for  the  yearlings. 

Knapp  et  al.  (1939)  studied  the  difference  of  scoring  of  cattle  by 
different  judges  on  various  days.  The  judges  were  best  able  to  recognize 
differences  in  width  of  body,  with  conformation  of  rump  and  strai-htness 
of  back  next  in  order.  Differences  between  animals  accounted  for  the  smallest 
percentages  of  variance  in  scale,  bone  and  symmetry.  Variations  between 
judges  were  largest  in  depth  of  rear  flank,  smallest  in  rump  and  these  dif- 
ferences were  ail  significant  except  in  the  latter  case.  On  the  basis  of 
this  study,  the  general  conclusion  was  that  scoring  as  a  technique  or  eval- 
uation of  differences  of  animals  was  subject  to  considerable  error  and 
therefore  was  probably  of  very  doubtful  value  when  differences  between 
animals  were  small.  When  the  population  to  be  studied  shows  large  diiferences, 
the  scoring  technique  was  undoubtedly  the  simpliest  way  to  evaluate  dif- 
ferences in  conformation. 

In  a  study  of  123  steers,  conducted  Qy   Tallis  et  al.  (1959),  ten  linear 
body  measurements  were  taken  in  duplicate  on  eight  Hereford  steers  by  two 
investigators.  The  components  of  variance  due  to  steers,  investigators, 
steer  and  investigator  interaction  and  measurement  error  were  estimated  and 
compared.  Res  Its  from  this  study  indicated  that  heart  girth,  circumference 
at  navel,  length  of  body,  width  of  chest,  depth  of  chest  and  height  at  hooks 
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and  -withers  had  the  highest  steer  components  and  lowest  investigator,  inter- 
action and  error  components.  After  this  first  study,  additional  cattle  were 
measured. 

Significant  differences  in  circumference  at  navel,  height  at  hooks, 
height  at  withers  and  body  length  were  found  between  calves  sired  by  bulls, 
from  different  lines  of  breeding  when  compared  on  a  constant  weight  basis. 
Ratios  of  weight  to  height  and  weight  to  length  were  calculated  and  correlated 
with  dressing  percentage,  area  of  rib  eye  and  edible  portion.  In  both  steer 
and  heifer  data,  the  two  ratios  were  positively  correlated  with  area  of  rib 
eye  and  negatively  correlated  with  edible  portion,  (Tallis  et  al.,  1959 )• 
These  ratios  were  positively  correlated  with  dressing  percentage  in  steers 
but  not  in  heifers. 

Percent  edible  portion  is  highly  influenced  by  the  amount  of  fat  trim 
in  the  carcass.  Therefore,  a  ratio  of  edible  portion  to  bone  was  calculated 
and  correlated  with  the  weight  to  height  and  weight  to  length  ratios.  The 
edible  portion  to  bone  ratio  was  also  influenced  by  the  degree  of  fatness 
of  the  carcass  (Tallis  et  al.,  1959). 

Hankins  et  al.  (19ii3)  showed  indications  that  muscle-bone  ratio  was 
a  rather  definitely  inherited  character.  If  these  traits  were  present 
in  bulls  selected  for  breeding,  one  would  expect  a  high  transmitting  ability 
of  these  characteristics  to  the  progeny.  Thus,  increasing  the  muscle-bone 
ratio,  the  circumference  at  shin  bone,  fore  flank  circumference  and  width 
measurements  of  the  body  should  increase  in  the  progeny  of  the  bulls  selected 
for  these  traits. 

Hankins  et  al.  (19u3)  made  a  study  of  the  relationships  between  muscle 
bone  ratio,  various  live  oody  measurements,  various  carcass  characteristics, 
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and  various  production  factors  within  the  beef  Shorthorn  type  and  Miking 
Shorthorn  type  cattle. 

For  the  two  types  of  cattle  the  correlations  were  determined  between 
muscle-bone  ratio  and  percentage  of  separable  fat,  but  in  neither  case  was 
the  value  significant.  This  would  indicate  that  muscle-bone  ratio  can  oe 
increased  without  materially  affecting  the  ability  of  an  animal  to  fatten. 
Therefore,  feeding  of  steers  over  a  longer  or  shorter  period  of  time  would 
be  the  controlling  factor  in  determining  the  degree  of  fatness.  It  should 
be  expected  that  the  smaller  the  bone,  the  higher  the  muscle-bone  ratio. 
However,  Hankins,  et  al.  (l°U3)  found  none  of  their  correlations  to  be  high 
enough  to  be  of  any  value.  Results  from  this  study  show  that  little  can  be 
gained  in  muscle-bone  ratio  by  the  selection  for  type  and  quality  as  they  are 
usually  evaluated.  Some  studies  have  shown  that  certain  body  measurements 
were  associated  with  slaughter  and  carcass  grades.  For  example,  such  measures 
as  height  at  the  withers,  heart  girth  and  width  of  body  have  been  shown  to 
be  correlated  wi th  grade  (Black  et  al.,  1933).  Tne  correlation  between 
height  at  withers  and  grade  was  negative  and  the  others  positive. 

Correlations  for  carcass  measurements  were  in  most  instances,  higher 
than  those  for  the  live  animal  measurements.  The  only  significant  correlation 
observed  by  Hankins  and  Burk  (1933)  was  the  muscle-bone  ratio  and  the  thick- 
ness of  muscling  and  fat  over  the  12th  rib.  No  correlation  was  found  be- 
tween muscle-bone  ratio  and  efficiency  of  gain.  This  would  indicate  that 
in  select ing  for  efficiency  of  gain  there  would  not  be  a  tendency  to  select 
against  a  high  muscle-bone  ratio. 

Knapp  and  Nordskob  (l°li6)  studied  the  heritability  estimates  of  scores 
at  weaning,  slaughter  steer  grades,  dressing  percentage  and  area  of  eye  muscle 
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on  177  steers  sired  by  23  bulls.  Within  sire  groups,  score  at  weaning  and 
weaning  weight  correlation  was  0.68  while  the  slaughter  steer  yrade  and 
final  feed  lot  weight  was  correlated  0.6U.  Carcass  grade  had  a  correlation 
with  final  feed  lot  weight  of  0.5k.  Area  of  eye  muscle  and  final  feed  lot 
weight  had  a  correlation  of  O.lU  which  was  not  highly  significant.  Knapp 
and  Nordskob  (19U6)  observed  significant  differences  uetween  sire  groups  in 
weaning  score,  slaughter  steer  grade,  carcass  grade  and  area  of  eye  muscle. 
Differences  between  sire  groups  in  carcass  yield  were  not  significant  and 
indicate  that  this  factor  was  largely  of  environmental  control.  Knapp  and 
Nordskob  (19U6)  indicated  according  to  their  work  the  variations  in  area  of 
eye  muscle  were  apporximately  69  percent  heritable. 

Knapp  and  Nordskob  (19h6)  concluded  that  there  seems  to  be  less  heri- 
tability  in  the  measures  of  quality  of  proauct  than  in  measures  of  growth, 
there  is  ample  opportunity  for  selection  for  these  characteristics. 

Knox  and  Koger  (19U6)  made  observations  on  350  grade  Hereford  steers 
from  1937  to  19U5,  studying  gains,  finished  L;rade,  carcass  grade,  dressing 
percentage  and  their  relationship  to  compact,  medium  and  rangy  type  steers. 
The  rangy  steers  had  a  significantly  greater  initial  weight,  gain,  and  dress- 
ing percentage.  The  compact  type  had  a  slight  nonsignificant  advantage  in 
grade  when  finished  and  in  >;ain  expressed  as  percent  of  initial  weight.  The 
medium  type  was  intermediate  in  each  case.  There  was  no  difference  between 
the  three  types  in  average  carcass  grades.  There  was  a  slight  but  not  signi- 
ficant tendency  for  the  compact  cattle  to  rank  high  on  percent  gain  and  fat 
grade.  The  fact  that  the  average  weight  of  the  rangy  steers  in  this  trial 
was  greater  than  that  of  the  compact  steers  is  noteworthy,  but  not  surprising 
as  height  and  length  contribute  to  size.  When  the  se  dimensions  are  reduced, 
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weight  will  decrease  if  other  factors  remain  unchan  ed. 

The  consistency  with  which  the  rangy  steers  outweighed  and  ;  ained  more 
than  the  steers  of  the  other  types  suggested  that  gain  made  in  the  feed 
lot  may  be  correlated  with  the  weight  of  the  feeders  steers.  For  each  pound 
of  increase  in  initial  weight  there  was  a  corresponding  increase  in  feed 
lot  (r;ain  of  ,l8U  pound  irrespective  of  type.  Thus  Knox  and  Koger  (19U6) 
say  that  greater  gains  of  the  rangy  cattle  were  due  to  size  and  associated 
feeding  capacity  and  growth  rate  rather  than  to  body  form.  Dressing  per- 
centage also  showed  a  consistent  and  significant  difference,  with  the  rangy 
type  ranking  first  and  the  compact  type  last,  however,  the  diiference  between 
compact  and  medium  were  small.  The  difference  observed  here  is  surprising, 
but  was  probably  due  to  higher  condition  or  to  less  paunchiness  of  the  rangy 
steers.  In  this  study,  the  rangy  steers  were  as  thick  as  the  compact  steers, 
but  differed  from  them  in  the  proportion  of  height  and  length  to  depth  and 
in  size  due  to  greater  height  and  length.  Some  compact  steers  make  very 
rapid  gains j  therefore,  it  is  obvious  that  some  strains  of  compact  cattle 
may  be  superior  in  this  respect.  From  the  results  of  this  work,  however, 
it  appears  that  the  development  of  rapidly  gaining  strains  will  be  more 
difficult  if  size  is  reduced  by  too  greatly  restricting  height  and  length 
to  secure  compactness.  A  compact  animal  has  been  described  as  one  in  which 
height  and  length  are  small  in  comparisons  to  depth  and  width.  In  this  study 
by  Knox  and  Koger  (19U6),  the  cattle  were  fed  the  same  rations  and  managed 
under  similar  conditions. 

The  variation  in  market  price  of  steers  is  associated  with  the  market 
value  of  the  carcass  which  in  turn  is  valued  according  to  their  presumed  eating 
qualities.  Cartwright  et  al.  (1958)  studied  the  relationship  of  ration  and 
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inheritance  to  certain  production  and  carcass  characteristics  of  18  Hereford 
and  20  Brahman  arid  Hereford  crossbred  yearling  steers.  The  crossbred  steers 
gained  more  weight  per  day  of  age  at  slaughter  and  hat.  significantly  higher 
dressing  percent  and  chilled  carcass  weight  per  day  of  age,  but  sire  differences 
were  not  significant.  Chilled  carcass  weight  per  day  of  age  probably  more 
nearly  measures  true  rate  of  beef  production  than  any  other  criterion  studied. 
The  crossbreds,  in  work  done  by  Cartwright  et  al.  (1953),  were  scored  lower 
as  feeders  and  higher  as  slaughter  cattle.  The  two  scores  were  not  entirely 
measures  of  the  same  characteristics  but  was  an  indicator  of  degree  of  change. 
It  appears  that  the  crossbreds,  as  indicated  by  a  statistically  significant 
larger  difference  in  scores,  either  responded  to  the  feed  lot  regime  to  a 
greater  extent  than  Herefords  or  that  their  longer  legs,  somewhat  drooping 
rump  and  greater  general  ranginess  were  more  acceptable  to  the  judges  as 
more  flesh  was  added  although  they  did  not  gain  as  much  weight  on  test  and 
did  not  add  as  much  finish.  The  Herefords  carried  more  finish  than  the  cross- 
breds except  for  the  measure  of  the  thickness  of  fat  over  9-10-11  ribs  and 
kidney  fat,  but  ether  extract  was  the  only  measure  of  fat  for  which  the 
Herefords  were  significantly  higher.  There  was  a  breed  difference  in  the 
amount  of  fat  deposited  at  different  locations.  Actual  area  of  eye  muscle 
was  higher  for  the  crossbreds  because  they  were  heavier,  but  smaller  per 
100  pound  carcass  wei  ht  because  eye  muscle  development  is  not  directly 
proportional  to  weight  increase. 

Weight  of  eye  muscle  was  similar  to  area  except  for  per  day  of  age, 
the  crossbreds  producing  significantly  heavier  rib  eyes.  There  were  no 
significant  sire  differences  for  rib  eye  measurements  but  this  differs  from 
studies  by   Knapp  and  Nordskob  (19^6),  Knapp  and  Clark  (1950)  and  Shelby  et  al. 
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(1955)  which  have  reported  heritability  estimates  of  rib  eye  area  of  69, 
08,  and  72  percent  respectively  after  adjustment  for  weight  of  animal. 
Measurements  of  separable  lean  in  the  9-10-il  ribs  and  estimated  lean  in 
the  carcass  were  closely  parallel.  Differences  between  sires  are  statis- 
tically significant  for  separable  lean  per  day  of  age  and  an  estimate  of 
heritability  of  five  percent  was  obtained.  Cushion  round,  oeing  a  relatively 
lean  cut,  follows  a  pattern  similar  to  those  of  the  more  direct  measures  of 
lean.  Cartwright  et  al.  (1953)  stated  that  calves  which  were  larger  at  birth 
tended  to  develop  more  lean  meat.  This  is  in  agreement  with  Woodward  et  al. 
(195U).  The  generally  less  acceptable  appearance  of  the  crossbreds  as 
slaughter  animals  tends  to  diminish  after  the  animals  are  slaughtered  and 
on  the  hoof.  The  eye  muscle  measurements  were  not  significantly  correlated 
with  gain  to  180  days  except  on  a  150  pound  carcass  weight  basis. 

MATERIALS  AND  METHODS 

The  animals  used  in  this  study  consisted  of  152  Angus  steers,  6U  Here- 
ford steers  and  37  Shorthorn  steers  that  were  exhibited  in  the  carcass  steer 
show  at  the  1957  International  Livestock  Exposition  held  in  Chicago.  The 
steers  were  bred  and  fed  by  individuals  from  various  localities  and  were  ex- 
hibited by  their  owners  in  the  carcass  show.  The  live  weight  of  the  steers 
ranged  from  800  pounds  to  1300  pounds  and  the  age  varied  from  12  to  18  months. 

On  November  28,  two  head  measurements  were  taken  while  the  steers  were 
in  the  squeeze  chute  to  be  mouthed  for  proper  age  classification.  The  two 
measurements  were  width  between  the  eyes  and  width  of  muzzle.  The  eye  to  eye 
measurements  were  taken  by  placing  a  sliding  vernier  claipers  over  the  anterior 
dorsal  portion  of  the  eye.  The  width  of  muzzle  was  taken  by  placing  the 
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sliding  vernier  calipers  over  the  muzzle  just  posterior  to  the  nostrils  at 
the  -widest  part  of  the  muzzle. 

Immediately  after  weighing,  for  show  classification,  two  body  measure- 
ments were  taken,  circumference  of  cannon  and  circumference  of  round.  A 
flexible  steel  tape  was  used  to  measure  the  circumference  of  cannon  oone  in 
centimeters.  This  measurement  was  taken  midway  between  the  knee  and  pastern 
joint  of  the  left  metacarpus.  An  unstretchable  cord  was  used  to  measure  the 
circumference  of  round.  The  end  of  the  cord  was  placed  at  the  point  of  the 
left  pin  bone  (tuber  ischii)  and  the  cord  was  run  under  the  rear  flank,  between 
the  hind  legs,  and  up  over  the  twist  and  rear  portion  of  the  round  to  the 
point  of  origin  (the  left  pin  bone).  The  cord  was  then  measured  with  a 
steel  tape  to  determine  the  circumference  measurement  in  centimeters. 

On  November  29,  the  group  of  steers  were  shown  and  placed  numerically 
according  to  type,  finish,  quality,  and  conformation  by  a  committee  of  three 
judges.  The  steers  were  shown  according  to  age  and  breed  making  a  total 
of  twelve  classes,  tftiile  the  steers  were  being  shown,  a  committee  of  two 
visually  scored  their  muscling.  The  breakdown  on  muscling  score  was  very 
heavy  muscled,  6;  heavy  muscled,  5;   moderately  heavy  muscled,  h;   medium 
muscled,  3j  slightly  light  muscled,  2j  and  light  muscled,  1.  The  steers 
were  not  handled  during  the  muscle  scoring. 

Immediately  after  the  steers  had  been  placed  on  foot,  they  were  wei;  hed 
and  moved  directly  to  Swift  and  Company  for  slaughter.  This  weight  was  used 
for  determining  dressing  percentage. 

The  steers  were  slaughtered  on  Saturday,  November  30  and  the  carcasses 
were  allowed  to  hang  in  the  cooler  for  U8  hours  before  ribbing.  On  Monday, 
December  2,  the  left  side  of  each  carcass  was  ribbed  between  the  12th  and 
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13th  rib.  At  this  time  a  tracing  of  the  longissimus  dorsi  muscle  was  made 
using  9x12  aquebee  acetate  sheeting.  An  outline  of  the  fat  cover  over  the 
12th  rib  was  also  made  on  the  tracing  from  which  the  thickness  of  fat  cover 
at  the  12th  rib  was  determined.  From  this  tracing,  the  area  of  eye  muscle 
was  determined  with  the  aid  of  a  planimeter  which  gives  the  area  of  the  trac- 
ing in  square  inches. 

A  marbling  score  was  made  on  each  carcass  according  to  the  standards 
set  by  the  United  States  Department  of  Agriculture.  The  marbling  score  being 
the  highest  for  the  rib  eye  with  the  most  marbling  and  lowest  for  the  rib 
eye  with  the  least  marbling.  The  USDA  marbling  scores  range  from  one  to  ten. 
The  data  were  statistically  analyzed  in  accordance  with  the  procedures  for 
simple  and  partial  correlations  coefficients  as  outlined  by  Snedecor  (1956). 

The  complete  data  on  the  carcass  steers  from  the  1957  contest  are  pre- 
sented in  Table  8  of  the  Appendix.  The  following  information  for  each  steer 
is  recorded;  loin  eye  area,  fat  cover  over  the  12th  rib,  marbling  score, 
visual  muscling  appraisal,  cannon  bone  circumference,  round  circumference, 
width  between  the  eyes,  and  width  of  muzzle.  Breed,  live  weight  and  dress- 
ing percentage  are  also  included  in  the  data. 

Data  collected  from  23  steers  of  other  breeds  are  included  in  Table  8 
of  the  Appendix.  The  other  breeds  consisted  of  h  Galloway,  16  Red  Poll,  1 
Santa  Gertrudis,  and  2  Charolis. 

CORRELATION  ANALYSES 

The  purpose  of  this  study  is  to  study  live  animal  measurements  and  their 
relationship  to  carcass  characteristics.  The  correlations  between  the  various 
live  animal  measurements  are  also  studied  as  well  as  the  carcass  characteristics, 
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Differences  in  characteristics  due  to  breed  are  not  considered  in  this  study. 
Therefore,  correlations  involving  characteristics  were  confuted  without  regard 

to  breed  of  an:.mal. 

All  live  animal  characteristics  and  carcase  measurements  are  correlated 
without  the  removal  of  the  effect  of  weight.  Most  of  these  simple  correlations 
between  live  weight  and  other  characteristics,  listed  in  Table  1,  are  highly 
significant.  In  addition  to  simple  correlations  between  characteristics, 
partial  correlations  between  characteristics  with  the  effect  of  weight  re- 
moved are  computed. 

A  simple  correlation  is  the  relationship  between  two  characteristics 
when  the  range  in  weight  (800  pounds-1300  pounds)  encountered  in  this  study 
is  not  considered.  A  partial  correlation  is  the  relationship  between  two 
characteristics  independent  of  live  weight  or  when  the  effect  of  weight  is 
removed  so  the  relationships  are  among  steers  of  similar  weight. 

Table  1.  Simple  correlations  between  live  weight  and  other  characteristics. 


Measurement  .  Correlation 


Muscle  score  .131" 

Eye  to  eye  .5U6'*' 

Width  of  muzzle  .367** 

Circumference  of  cannon  »5u7 

Circumference  of  round  •  72u 

Dressing  percent  «2o0 

Marbling  score  »H0 

Area  of  loin  .360** 

Fat  cover  .289% 


"^'Significant  at  .0$  level 
^Significant  at  .01  level 
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Correlations  between  live  steer  characteristics.  Simple  correlations 
between  live  steer  characteristics  are  iven  in  Table  2.  With  the  exception 
of  the  correlations  between  muscling  scores  and  width  of  muzzle  and  circum- 
ference of  cannon,  all  the  correlations  are  of  an  absolute  magnitude  ranging 
from  .022  to  ,62U  and  are  all  highly  significant  except  the  correlation  be- 
tween muscle  score  and  width  of  eyes.  Steers  scored  with  a  .higher  muscling 
score  tended  to  have  narrower  muzzles.  Circumference  of  round  is  positively 
correlated  with  muscling  score  indicating  steers  that  have  a  higher  muscling 
score  also  have  a  larger  circumference  of  round.  Steers  that  are  wider  be- 
tween the  eyes,  also,  are  wider  through  the  muzzle  and  a  larger  width  between 
the  eyes  is  associated  with  a  larger  cannon  circumference.  Width  between  eyes 
is  positively  correlated  with  the  circumference  of  round  as  is  the  width  of 
muzale. 

Table  2.  Simple  correlation  between  live  steer  characteristics. 


*Signif icant  at  .05  level 
^Significant  at  .01  level 

A  positive  correlation  between  width  of  muzzle  and  circumference  of 
cannon  indicates  a  wide  muzzle  is  associated  with  a  lar.;e  cannon  bone. 
Circumference  of  cannon  is  positively  correlated  with  circumference  of  round 
indicating  a  larger  cannon  is  associated  with  a  larger  round  measurement. 


:  Eye  to 

:   eye 

Width  of 

muzzle 

Cir.  of  : 

cannon  : 

Cir.  of 

round 

Muscle  score          .022 

-,126;; 

-.007 

.18U** 

Eye  to  eye 

.U56** 

.511** 

.U73** 

Width  of  muzzle 

.U8U** 

.387** 

Circumference  of  cannon 

.62U** 
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The  muscle  score  is  not  significantly  correlated  -with  eye  to  eye  measurement. 

Partial  correlations  between  live  steer  measurements  independent  of 
live  weight  are  presented  in  Table  3.  Muscle  score  is  negatively  correlated 
with  the  width  of  muzzle  indicating  steers  with  a  greater  width  of  muzzle 
are  given  lower  muscling  scores.  The  eye  to  eye  correlation  is  highly  sig- 
nificant (.323)  with  width  of  muzzle  indicating  steers  that  were  wide  between 
the  eyes  were  also  wide  through  the  muzzle.  Width  of  eyes  and  muzzle  are 
positively  correlated  with  circumference  of  cannon  (.302)  and  (.363)  re- 
spectively. A  highly  significant  positive  correlation  {,39$)   is  noted  between 
circumference  of  cannon  and  circumference  of  round  revealing  that  steers  with 
ar  cannon  bone  measurement  c-.lso  liad  a  larger  round  circumference  measure- 
ment. Correlations  between  circumference  of  round  and  eye  to  eye  measure- 
ment and  muscle  score  are  nonsignificant.  In  comparing  Tables  2  and  3  a 
decrease  is  noted  in  the  correlations  when  the  effect  of  weight  is  removed, 
however,  the  majority  of  the  simple  correlations  that  are  significant  are  also 
significant  wnen  the  influence  of  weight  is  removed. 


Table  3.  Partial  correlations  between  live  animal  characteristics  inde- 
pendent of  live  vreight. 


Eye  to  :   Width  of 
eye    :    muzzle 


Cir.  of  •  Cir.  of 
cannon  •  round 


I.'uscle  score 
Eye  to  eye 
Width  of  muzzle 
Circumference  of  cannon 


-♦ota 


-.189* 

-.009 

.130 

.328** 

.302"** 

.13U 

.363** 

.189* 
.395** 

*Significant  at  .05  level 
i_"  Significant  at  .01  level 
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Correlations  between  live  steer  and  carcass  characteristics.  Simple 
correlations  between  live  steer  characteristics  and  carcass  characteristics 
are  presented  in  Table  h.     While  a  part  of  the  simple  correlations  are  sig- 
nificant others  are  nonsignificant.  Muscling  score  is  highly  significantly 
correlated  (.325)  with  dressing  percentage  showing  that  the  higher  dressing 
steers  are  scored  as  being  heavier  muscled.  Muscling  socre  is  correlated 
(.138)  with  area  of  loin,  although  the  correlation  is  not  high,  it  does  indi- 
cate higher  muscle  score  tended  to  have  larger  loin  area.  Width  between  the 
eyes  is  positively  correlated  (.230)  with  area  of  loin.  Width  of  muzzle  is 
negatively  correlated  (-.138)  with  dressing  percenta-e.  Muzzle  width  is  also 
negatively  correlated  with  marbling  score,  however,  this  correlation  is  not 
significant.  The  correlation  (.177)  between  area  of  loin  and  muzzle  width 
is  positive  and  is  highly  significant.  Circumference  of  cannon,  though  not 
significant  is  negatively  correlated  with  dressing  percentage  and  fat  cover. 
Circumference  of  cannon  is  negatively  correlated  (-.223)  with  marbling  score. 
Area  of  loin  is  positively  correlated  (,2lU)  with  circumference  of  cannon 
indicating  the  steer  with  larger  cannon  bones  tended  to  have  a  larger  loin 
eye.  Circumference  of  round  is  positively  correlated  (.175)  with  dressing 
percent.  Area  of  loin  is  highly  significantly  correlated  (.375)  with  round 
circumference,  revealing  animals  with  a  larger  round  circumference  tended 
to  have  more  loin  eye  area.  Fct  cover  is  not  significantly  correlated  with 
any  of  the  live  animal  measurements.  Marbling  score  is  not  significantly 
correlated  with  any  of  the  live  animal  characteristics  except  circumference 

of  cannon. 

The  partial  correlations  between  live  animal  characteristics  and  carcass 
characteristics  with  the  effect  of  weight  removed  are  presented  in  Table  5. 
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Table  1*.  Simple  correlations  between  live  steer  and  carcass  characteristics. 


:  Dressing  : 
:  percent   : 

rbliag 

score 

1  Area  of  : 
loin 

Fat  cover 

Muscle  score 

.325** 

.101 

.133* 

.o5o 

Eye  to  eye 

-.o5U 

.021 

.230** 

.032 

Muzzle  •width 

-.138* 

-.116 

.177** 

-.051 

Circunference 

of 

cannon  -.108 

-.223** 

,2lli** 

-.105 

Circumference 

of  round   .175*"* 

-.075 

.375** 

.058 

'""Significant  at  .05  level 
"^Significant  at  .01  level 

Muscling  score  is  significantly  correlated  (.30U)  with  dressing  percent  indi- 
cating the  steers  that  appeared  to  be  dressier  are  scored  nigher  in  muscling 
score.  Muscling  score  is  not  significantly  correlated  with  marbling  score, 
area  of  loin  or  fat  cover  when  the  effect  of  weight  is  removed.  In  the  sim- 
ple correlations,  muscle  score  and  area  of  loin  eye  are  significant  but  are 
nonsignificant  in  the  partial  correlations.  Eye  to  eye  measurement  is  nega- 
tively correlated  with  dressing  percent.  This  partial  correlation  is  highly 
significant  (-.2iil)  and  the  simple  correlation  is  nonsignificant.  A  negative 
correlation  (-.157)  is  noted  between  fat  cover  and  eye  to  eye  measurement. 
The  correlation  between  muzzle  width  and  dressing  percent  is  negative  and 
highly  significant  (-.26o)  indicating  steers  with  wider  muzzles  have  lower 
dressing  percentage. 

Muzzle  width  is  negatively  correlated  with  marbling  score,  (-.170)  and 
also  negatively  correlated  with  fat  cover  (-.176)  after  the  effect  of  weight 
has  been  removed.  Muzzle  width  is  not  significantly  correlated  with  area  of 
loin  in  steers  of  the  same  weight.  A  highly  significant  negative  (-.310) 
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Table  5.  Partial  correlations  between  live  steer  and  carcass  characteristics 
independent  of  live  weight. 


:  Dressing   : 
:   percent 

Marbling  i 
score    ; 

Area  of  ; 

loin   : 

Fat  cover 

Muscle  score 

.3QU** 

-.0143 

.098 

.013 

Eye  to  eye 

-.210.** 

-.005 

.0U3 

-.157* 

Muzzle  width 

-.260** 

-.170* 

.052 

-.176* 

Circumference 

of 

cannon  -.310** 

-.3U0** 

.021 

-.328** 

Circumference 

of 

round  -.020 

-.200** 

.177* 

-.229*'* 

^Significant 

at 

.05  level 

1+ 

m  i  bvp! 

correlation  is  noted  between  circumference  of  cannon  and  dressing  percent 
indicating  those  steers  with  large  cannon  bone  measurement  tended  to  have 
a  lower  dressing  percentage.  Negative  correlations  of  (-.3U0)  and  (-.328) 
were  found  between  cannon  circumference  and  marbling  score  and  fat  cover  re- 
spectively. These  partial  correlations  indicated  that  steers  with  larger 
cannon  circumference  tended  to  have  lower  marbling  scores  and  less  fat  cover 
over  the  12th  rib.  Circumference  of  cannon  is  not  significantly  correlated 
with  area  of  loin  -when  the  effect  of  weight  is  removed. 

Circumference  of  round  is  nonsignificantly  correlated  with  dressing 
percent  but  a  significant  negative  correlation  is  noted  between  circumference 
of  round  and  marbling  score  (-.200).  A  positive  correlation  (.177)  is  obtained 
between  circumference  of  round  and  area  of  loin,  indicating  a  slight  tendency 
for  the  steers  that  have  a  large  loin  eye  area  to  have  a  large  round  circum- 
ference measurement  when  the  effect  of  weight  is  removed.  Circumference  of 
round  in  animals  of  the  same  weight  is  found  to  be  negatively  correlated  with 
fat  cover.  This  would  indicate  that  steers  in  this  study  with  more  fat  cover 
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tended  to  have  a  smaller  round  circumference  measurement.  In  the  partial 
correlations,  area  of  loin  is  significantly  correlated  with  only  one  of  the 
live  animal  characteristics.  Except  for  the  positive  correlation  between 
muscling  score  and  dressing  percent,  and  the  loin  eye  correl.  tions,  all  of 
remaining  correlations  between  live  steer  and  carcass  characteristics  were 
negative  correlations. 

Correlations  between  carcass  characteristics.  Simple  correlations  be- 
tween carcass  characteristics  are  presented  in  Table  6.  Dressing  percent  is 
significantly  correlated  with  marbling  score  (.227)  which  indicates  the 
higher  dressing  stoers  tended  to  have  a  higher  marbling  score  when  the  effect 
of  weight  is  not  considered.  Area  of  loin  is  correlated  with  dressing  per- 
cent (.298).  A  highly  significant  correlation  (.352)  was  noted  between  dress- 
ing percent  and  fat  cover  indicating  the  fatter  steers  have  a  higher  dressing 
percent.  Marbling  score  is  also  highly  significantly  correlated  (.25U)  with 
fat  cover  indicating  the  fatter  steers,  without  the  difference  in  range  of 
weight  taken  into  account,  tended  to  have  higher  marbling  scores.  The  sim- 
ple correlation  between  area  of  loin  and  fat  cover  is  nonsignificant. 

Table  6.  Simple  correlations  between  carcass  characteristics. 


Marbling 
score 


Area  of 
loin 


Fat  cover 


Dressing  percent 
Marbling  score 
Area  of  loin 


.227 


.298** 

.007 


.352** 
.25lT':' 
-.065 


"Significant  at  ,05  level 
^Significant  at  .01  level 
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Partial  correlations  between  carcass  characteristics  independent  of 
live  weight  are  presented  in  Table  7.  Holding  live  weight  constant  decreases 
the  correlation  between  dressing  percent  and  marbling  score,  the  partial 
correlation  being  (.206)  and  the  simple  correlation  (.227).  Dressing  percent 
and  area  of  loin  are  significantly  correlated  (.227)  when  the  effect  of  weight 
differences  is  removed,  compared  to  a  simple  correlation  of  (.298),  A  highly 
significant  correlation  (.300)  for  steers  of  a  similar  weight  between  dress- 
ing percent  and  fat  cover  indicates  the  fatter  steers  have  higher  dressing 
percentages.  Marbling  score  and  area  of  loin  are  not  significantly  correlated 
when  live  weight  is  held  constant.  Fat  cover  is  significantly  correlated 
(,23U),  when  live  weight  is  held  constant,  with  marbling  score  indicating 
that  the  fatter  steers  tended  to  have  higher  marbling  scores.  Area  of  loin 
is  negatively  correlated  (-.190)  with  fat  cover  when  the  eiTect  of  weight  is 
removed.  This  indicates  steers  with  larger  loin  eye  area  tended  to  have  less 
fat  cover.  The  simple  correlation  between  area  of  loin  and  fat  cover  where 
a  wide  ran;:;e  in  live  weight  existed  is  nonsignificant. 

Table  7.  Partial  correlations  between  carcass  characteristics  independent 
of  live  weight. 

:   ilarbling   :    Area  of   : 

:    score     :     loin     :   Fat  cover 

Dressing  percent  .206**       .227'""        .300'H:" 

Marbling  score  -.035  ,23k '^ 

Area  of  loin  -.190* 

^Significant  at  .05  level 
"^Significant  at  .01  level 
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DISCUSSION 

In  interpreting  and  discussing  the  results  in  this  study,  the  fact 
that  the  steers  are  a  very  select  group  must  be  taken  into  consideration 
when  arriving  at  conclusions.  The  group  of  steers  are  more  similar  in  type 
and  degree  of  finish  than  an  unselected  group  would  be  because  of  their 
selection  for  entry  in  the  carcass  show.  The  steers  were  fed  in  various 
localities  under  varied  feeding  systems  and  programs  and  are  from  highly 
different  breeding  programs.  Most  of  the  steers  would  fall  into  the  choice 
and  prims  grades  both  on  foot  and  in  the  carcass. 

Even  though  some  correlations  may  be  statistically  significant,  they 
may  be  of  little  use  or  value  in  selection  in  a  practical  livestock  program. 
It  should  also  be  pointed  out  that  the  relationships  between  the  various 
characteristics  used  in  this  study  might  be  quite  diff  rent  in  an  unselected 
group  of  steers.  The  steers  in  this  study  were  selected  and  fed  for  the 
carcass  show  because  of  their  excellent  beef  type.  It  would  be  reasonable 
to  expect  higher  correlations  between  live  animal  measurements  and  carcass 
muscling  in  an  unselected  group  of  steers.  The  relationship  between  fat 
cover  and  dressing  percent  would  also  be  greater. 

The  simple  correlation  between  width  of  eyes  and  live  wei.ht  (.5U6) 
indicates  that  a  large  part  of  the  differences  in  the  width  between  the  eyes 
is  due  to  differences  in  the  live  weight  of  the  steers.  The  heavier  older 
steers  tended  to  be  wider  between  the  eyes  than  the  lighter  steers. 

Live  weight  and  circumference  of  cannon  bone  are  significantly  correlated 
(.51*7).  One  would  expect  the  heavier  steers  to  have  heavier  bone  primarily 
because  of  their  larger  frames  and  partly  because  of  the  differences  of  age 
in  this  set  of  steers.  Weseli  (1957)  found  a  correlation  of  (.1*7)  betvreen 
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live  weight  and  circumference  of  cannon  box*.  The  correlation  between  cir- 
cumference of  round  and  live  weight,  (.7210  indicates  that  the  round  circum- 
ference increases  in  size  as  the  st  .er  becomes  heavier.  Dressing  percentage 
and  fat  cover  are  significantly  correlated  with  live  weight,  (.260  and  .289) 
indicating  a  tendency  that  the  heavier  steers  carry  more  fat  cover  over  the 
12th  rib.  One  would  expect  the  heavier  steers  to  have  a  higher  dressing 
percentage  because  much  of  the  increased  wei;;ht  is  due  to  fat  in  older,  more 
mature  individuals.  However,  the  dressing  percentage  of  the  cattle  would  vary 
considerably  because  of  the  various  distances  the  steers  vfere  transported  and 
various  conditions  under  which  they  were  handled  prior  to  weighing.  This 
a;  rees  with  findings  of  Weseli  (1957),  however,  his  correlations  were  higher 
being  (,39  and  ,U9). 

Area  of  loin  and  live  weight  is  positively  correlated  (.360).  As  ex- 
pected, the  heavier  steers  possess  a  larger  loin  eye  area.  Weseli  (1957) 
found  a  similar  correlation  (.32)  between  live  weight  and  area  of  loin  eye 
in  his  study.  Marbling  score  is  not  correlated  with  live  weight.  This  fol- 
lows the  common  belief  that  marbling  is  independent  of  age  in  yearling  or 
older  cattle.  This  is  in  agreement  with  Weseli  (1957)  and  Boughton  (1958). 

Muscle  score  is  not  significantly  correlated  with  the  width  between 
the  eyes  but  is  significantly  correlated  (-.126)  with  muzzle  width  before  the 
effect  of  weight  is  removed,  and  (-.189)  after  the  effect  of  weight  is  removed. 
The  visual  muscle  score  is  highly  Significantly  correlated  (,18U)  with  round 
circumference  before  the  differences  in  weight  are  corrected.  The  partial 
correlation  is  nonsignificant.  This  correlation  shows  that  steers  given 
higher  muscling  scores  tended  to  have  larger  round  circumference  measurements. 
This  is  an  interesting  observation  as  the  muscle  score  was  placed  on  each  steer 
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■without  handling  the  animal.  Most  of  the  cattle  were  very  highly  groomed 
and  were  carrying  long  winter  hair  coats. 

Muscle  score  is  found  to  be  highly  correlated,  both  simple  (.325)  and 
partial  (.30ii), with  dressing  percent.   This  correlation  indicates  the  higher 
dressing,  trimer  steers  are  given  a  higher  muscling  score.  Muscling  score 
is  not  correlated  with  marbling  score.  This  is  what  would  be  expected  as 
marbling  is  commonly  thought  to  be  independent  of  other  live  animal  char- 
acteristics. 

Area  of  loin  eye  is  significantly  correlated  (.138)  with  muscling  score 
in  steers  of  different  weights,  however,  the  correlation  is  positive  but 
nonsignificant  in  steers  of  similar  weight.  This  would  indicate  that  the 
heavier  steers  in  this  study  were  scored  higher  for  muscling.  Both  corre- 
lations are  positive  and  indicate  that  the  differences  of  muscling  and  area 
of  loin  eye  can  be  detected  without  handling  the  animal,  A  higher  correlation 
might  be  expected  if  the  animals  were  handled  to  give  an  estimation  of  the 
amount  of  finish  the  animal  is  carrying  and  to  determine  any  false  impres- 
sions due  to  (-rooming  of  hair  coat.  Muscling  score  and  fat  cover  over  the 
12th  rib  have  a  correlation  of  near  zero  indicating  that  difference  in  width 
and  thickness  of  the  animal  due  to  finish  could  be  detected  as  fat  without 
physically  handling  the  animals.  Width  between  the  eyes  is  highly  signifi- 
cantly correlated  with  muzzle  width,  both  simple  and  partial  correlations 
bein^  (.U56)  and  .328)  respectively.  This  is  in  accordance  with  the  findings 
of  Boughton  (1958).  However,  in  his  study,  when  the  live  weight  was  held 
constant,  the  correlation  only  approached  significance. 

The  eye  to  eye  measurement  is  highly  significantly  correlated  (.511)  with 
circumference  of  cannon  bone  when  the  effect  of  weight  is  not  removed.  In 
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steers  of  a  constant  weight  the  correlation  is  (.302)  which  is  also  highly 
significant.  This  would  indicate  that  the  width  between  the  eyes  is  a  good 
indication  of  the  amount  of  bone  in  an  animal  with  the  wider  faced  steers 
possessing  heavier  bone.  Width  between  the  eyes  is  highly  significantly  cor- 
related (.i;73)  with  round  circumference  when  live  weight  is  not  held  constant. 
This  would  be  expected  as  the  larger  steers  would  possess  wider  head  measure- 
ments along  with  greater  round  circumference  measurement.  However,  the  partial 
correlation  in  steers  of  a  constant  weight  only  approached  significance.  Thus, 
eye  to  eye  width  is  not  a  good  indication  of  round  circumference  in  steers  of 
similar  weight.  Dressing  percent  is  not  significantly  correlated  with  width 
of  eyes  in  steers  of  different  weights,  however,  when  the  live  weight  is  held 
constant  the  correlation  is  highly  significant,  (-.2U1).  This  correlation 
indicates  that  steers  with  large  width  between  the  eyes  tended  to  have  lower 
dressing  percentages.  This  is  in  agreement  with  Lush  (1932). 

Eye   to  eye  correlations  with  marbling  score  are  very  near  zero. 

Area  of  loin  is  kighly  significantly  correlated  with  width  between  the 
eyes  in  steers  of  various  live  weights.  However,  in  steers  of  constant  live 
weights  the  correlation  is  nonsignificant.  These  correlations  indicate  that 
rib  eye  area  is  not  related  to  width  of  eyes  in  steers  of  the  same  weight. 
Thus,  width  of  eyes  would  not  be  a  criteria  for  estimating  rio  eye  area  in 
steers  of  a  highly  select  group.  Width  of  eyes  and  fat  cover  have  a  simple 
correlation  near  zero,  however,  the  partial  correlation  is  significantly 
negatively  correlated.  Thus,  the  steers  with  larger  width  of  eyes  tend  to 
have  a  smaller  amount  of  fat  cover  over  the  12th  rib. 

Y/idth  of  muzzle  is  highly  significantly  correlated,  both  simple  (,ii3U) 
and  partial  (.363),  with  cannon  circumference.  This  indicates  that  the 
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heavier  boned  steers  tend  to  be  wider  through  their  muzzles.  Yadth  of  muz- 
zle is  highly  significantly  correlated  (.387)  "with  circumference  of  round  in 
steers  of  various  weights.  The  partial  correlation,  although  not  as  lugh 
as  the  simple  correlation  is  significant  (.189),  indicating  vri.de  muzzles  are 
related  with  large  round  circumferences.  Width  of  muzzle  has  a  negative 
significant  correlation  (-.138)  with  dressing  percentage  before  the  differences 
in  live  weight  are  corrected.  The  correlation  (-.260)  is  even  higher  in 
steers  of  the  same  weight  meaning  that  steers  with  wide  muzzle  measurements 
had  a  lower  dressing  percentage, 

A  simple  correlation  (-.116)  between  marbling  score  and  muzzle  width 
is  nonsignificant,  but  the  partial  correlation  (-.170)  is  significant.  It 
is  difficult  to  draw  any  conclusions  from  this  correlation  as  marbling  is 
commonly  regarded  as  being  independent  of  live  animal  characteristics. 

Area  of  loin  and  width  of  muzzle  are  highly  significantly  correlated 
(.177)  in  the  simple  correlation,  however,  this  correlation  approaches  zero 
when  differences  in  live  weight  are  corrected.  This  correlation  would  indi- 
cate that  area  of  loin  eye  is  independent  of  muzzle  width  in  steers  of 
similar  weight. 

Fat  cover  and  muzzle  width  are  si/.nificantly  correlated  (-.176)  in 
steers  of  similar'  weight.  Thicker  fat  cover  over  the  12th  rib  is  associated 
with  narrower  muzzles  in  this  set  of  steers.  The  simple  correlation  does 
not  approach  significance. 

Cannon  circumference  and  round  circumference  are  highly  correlated, 
(.62ii)  for  the  simple  correlation  and  (.395)  for  steers  of  a  constant  live 
weight.  As  the  size  of  the  cannon  increases  there  is  an  increase  in  the 
round  circumference,  possibly  due  to  larger  frame  or  due  to  a  heavier  muscled 


Uo 


round  in  the  heavier  boned  steers. 

Cannon  circumference  is  nonsignificantly  correlated  with  dressing  per- 
centage in  steers  of  various  weights,  however,  the  partial  correlation  is 
highly  significant  (-.310)  indicating  heavier  boned  steers  dressed  lower. 
This  is  in  agreement  with  the  work  of  Weseli  (1957),  Boughton  (1950)  and 
Lush  (1932). 

In  this  study  cannon  circumference  has  a  highly  significant  negative 
correlation  (-.223)  with  marbling  score  in  steers  of  different  weights.  The 
partial  correlation,  also  highly  significant,  is  (-.3Uo).  According  to  these 
correlations,  the  heavier  boned  steers  possessed  less  intra-muscular  fat. 
Cannon  circumference  is  highly  significantly  correlated  (.2LU)  with  area  of 
loin  in  the  simple  correlation,  but  in  steers  of  similar  weight  the  cor- 
relation is  near  zero  (.021).  This  is  in  agreement  with  Weseli  (1957)  and 
Boughton  (1958)  but  disagrees  with  Lush  (1932)  who  stated  light  boned  steers 
possess  heavier  mus cling. 

Cannon  circumference  and  fat  cover  are  not  significantly  correlated 
(-.105)  in  steers  before  the  effect  of  live  weight  is  corrected.  The  par- 
tial correlation  is  highly  significant  (-.328)  indicating  the  heavier  boned 
steers  carry  less  thickness  of  fat  over  their  12th  rib.  Weseli,  (1957)  and 
Boughton  (1953)  obtained  similar  results  in  their  work. 

Round  circumference  is  highly  significantly  correlated  (.175)  with 
dressing  percentage  in  the  simple  correlation,  however,  the  partial  correlation 
is  very  near  zero.  This  correlation  indicates  that  steers  of  higher  dressing 
percentages  tend  to  have  larger  round  measurements  when  the  differences  in 
weight  are  not  corrected.  Round  circumference  and  area  of  loin  correlations 
are  highly  significant  (.375),  before  the  e_fect  of  weight  is  removed.  The 
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partial  correlation,  although  not  as  high,  is  significant  (.177).  Steers 
vdth  larger  round  measurements  have  larger  area  of  loin  eyes.  Boughton  (1953) 
not  d  a  highly  significant  correlation  (.37)  in  heifers,  however,  the  cor- 
relation in  steers  was  not  significant.  The  simple  correlation  oetween  round 
circumference  and  fat  cover  is  nonsignificant  while  the  partial  correlation  is 
highly  significant  (-.229).  This  correlation  indicates  that  the  steers  with 
larger  round  measurements  tend  to  have  less  fat  cover. 

Dressing  percenta-e  is  highly  correlated  with  marbling  score  for  both 
the  simple  and  partial  correlations  (.227  and  .206).  Marbling  is  intra- 
muscular fat,  and  finish  increases  dressing  percentage.  One  would  expect 
the  steers  with  more  marbling  to  have  a  higher  dressing  percentage.  Dressing 
percent  is  highly  significantly  correlated  with  area  of  loin  eye  both  before 
and  after  the  difference  in  live  weight  is  corrected. 

The  heavier  muscled  steers  possess  a  higher  dressing  percentage.  V.eseli 
(1957)  found  this  correlation  nonsignificant.  Dressing  percentage  is  found 
to  be  related  to  fat  cover  as  the  fatter  steers  have  a  higher  yield.  The 
simple  correlation  is  (.352)  and  the  partial  correlation  is  (.300).  This  is 
similar  to  the  findings  of  N— 11  (1957)  and  Boughton  (1950). 

The  simple  and  partial  correlations  between  area  of  loin  eye  and  marbling 
score  are  very  near  zero.  Marbling  score  and  fat  cover  are  highly  signifi- 
cantly correlated,  the  simple  correlation  being  (.25U)  while  the  partial 
correlation  is  (.23U).  This  indicates  that  the  f att  r  steers  possess  more 
marbling  in  both  steers  of  various  weights  and  steers  of  similar  weight.  In 
the  work  of  Weseli  (1957),  the  partial  correlation  between  fat  cover  show  a 
simple  correlation  of  near  zero.  However,  holding  the  live  weight  constant 
increases  the  correlation  (-.190).  Steers  in  this  study  with  large  loin  eyes 
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tend  to  have  less  fat  covering  than  steers  with  small  loin  eyes.  This 
agrees  with  the  work  done  by  Vlleseli  (1957). 

The  correlations  reported  in  this  study  are  in  ,;eneral  agreement  with 
unpublished  work  presented  in  Tables  9  and  10  of  the  Appendix. 

sanois 

The  animals  used  in  this  study  consisted  of  253  steers  that  comprised 
the  carcass  contest  at  the  1957  International  Livestock  Exposition  at  Chicago. 

There  was  a  range  of  weight  from  800  to  1300  pounds  and  in  age  from  12 
to  18  months  in  the  steers. 

Live  eody  measurements  taken  on  the  steers  consisted  of  width  of  eyes, 
width  of  muzzle,  circumference  of  cannon  and  circumference  of  round.  A 
visual  muscling  score  was  taken  on  each  steer. 

Carcass  measurements  consisted  of  fat  thickness,  and  rib  eye  area. 
Marbling  score,  dressing  percentage,  breed  and  live  weight  are  included  in 

the  data. 

Simple  and  partial  correlations  were  computed  from  these  data  between 
live  animal  measurements,  carcass  characteristics,  and  live  animal  and  carcass 
characteristics. 

Results  were  computed  without  regard  to  breed,  however,  the  influence 
of  weight  factors  were  considered. 

Differences  among  weight  groups  for  width  of  eyes,  muzzle  width,  cannon 
and  round  circumferences,  dressing  percentage,  loin  eye  area  and  fat  cover 
were  significant.  Dressing  percentage  in  steers  of  similar  weight  was  posi- 
tively correlated  with  fat  cover,  marbling  score  and  loin  eye  area  and  nega- 
tively correlated  with  muzzle  and  eye  widths  and  cannon  circumference. 
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Fat  thickness  In  steers  of  similar  weights  showed  a  negative  correlation 
with  area  of  loin  eye,  cannon  and  round  circumferences,  and  eye  and  muzzle 
widths.  However,  fat  cover  in  this  study  was  positively  correlated  with 
marbling  score.  This  would  indicate  that  as  the  amount  of  muscle  and  bone 
increases  there  is  a  decrease  in  the  amount  of  fat.  Cannon  circumference 
showed  a  positive  correlation  with  round  circumference,  width  of  muzzle, 
and  width  of  eyes  in  steers  of  the  same  might* 

Steers  possessing  broader  muzzles  were  also  wider  between  the  eyes  in 
steers  of  similar  weight. 

Heavier  boned  steers  possessed  less  intra -muscular  fat. 
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A  demand  for  a  larger  amount  of  muscle  and  quality  in  the  beef  carcass 
has  increased  the  problems  in  selecting  breeding  stock.  At  the  present, 
slaughter  grade  and  yield  are  used  to  evaluate  the  animal  on  foot,  but  these 
factors  are  subject  to  human  error.  Also,  they  do  not  indicate  the  edible 
portion  of  the  carcass. 

An  on  the  foot  evaluation  of  the  animal  would  be  useful  in  estimating 
the  major  components  of  the  carcass,  that  is  muscle,  fat,  and  bone. 

In  conducting  this  study,  253  steers  were  subjected  to  live  animal 
carcass  measurements.  Live  animal  measurements  included  circumference  of 
cannon,  circumference  of  round,  width  of  eyes,  and  width  of  muzzle.  Each 
steer  was  visually  appraised  for  muscling.  Carcass  measurements  included 
rib  eye  area,  fat  cover,  marbling  score,  and  dressing  percentage. 

Simple  and  partial  correlation  coefficients  between  the  measurements 
of  the  live  animal,  carcass  characteristics,  and  between  the  live  animal 
and  carcass  characteristics  were  computed. 

Area  of  loin  eye,  fat  thickness  over  the  12th  rib,  circumference  of 
cannon,  width  of  eyes,  round  circumference  and  width  of  muzzle  were  found 
to  be  related  to  live  weight.  Fat  thickness  showed  an  inverse  relationship 
to  the  amount  of  bone  and  muscle.  A  direct  relationship  was  noted  between 
the  head  measurements  and  cannon  bone  circumference. 

Dressing  percentage  was  related  to  fat  cover,  marbling  score  and  the 
amount  of  rib  eye  muscling  but  inversely  related  to  bone  measurements.  Fat 
cover  was  directly  related  to  marbling  score. 

In  reviewing  this  study  and  previous  work,  there  is  an  apparent  need 
for  more  research  in  both  live  animal  and  carcass  evaluation  in  beef  cattle. 


